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SUMMARY 

Tests have  been  conducted t o  detemnine the  flight  characteristics 
of an F-86A airplane equipped with an area-suction  boundary-lam-control 
system on the  flaps, and t o  investigate  the possible  operational problems 
which may arise on a flight inatallation of boundary-layer control. The 
effectiveness of the f l a p  was determined in conjunction  with the normal 
slatted leading edge (open and dosed) and a modified lea- edge  -cor- 
poratfng camber and an increased leading-edge radius. Measure?nen.ts w e r e  
made o f  the lift, drag, and, t o  a limited  extent, of the  suction  require- 
ments. Performance  camputations were made t o  show the effect of boundary- 
layer  control on take-off, climb, and landing. The results of the  flight 
tests are campared ulth those of fulJ"sdLe wind-tunnel tes ts  of a similar 
inetallation on a model incorporating F-86 wing panels and a modified flap. 

C 

The results showed that area  suction  applied t o  the flap deflected 
64' increased lift coefficient b y  0.24 (at a = l l o )  mer that obtained 
with the f l a p  defleczed 38O w i t h  no suction. Maximum lift was increased 
from 1.38 for  the 38 flap t o  1.54 for  the 64O suction  flap when the 
slatted leading edge was wed: Improvements in performance  due t o  suction 
w e r e  indicated. The flight tests,  Fn general, verified the  results of 
the wind-tunnel tes ts  In regard. t o  the  suction flow requirements; however, 
lower values of flap lift increment  were o b t a h e d  in flight. No detrf- 
m e n t a l  effects due t o  boundary-layer control w e r e  noted on the flm 
qualities of the  airplane. The serviceability of  the porous material was 
considered adequate. 

INTRODUCTION 

Boundary-layer control as a means of improving lift has been the 
* subject of mssg studies.  Tesh (ref. 1) in the Ames 4.0- by &-foot WFnd 
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tunnel on a 35O sweptback wing model have indicated that large improve- 
ments i n   f l a p  lift increment'  can  be  obtained a t  high flap  deflections 
by applying  suction t o  an area near  the  leading edge of a f l a p .  It was 
reported in reference 1 that  values  of  flap lift increment nearly  equal 
t o  that predicted by potential  theory  could be at ta ined  far   f lap  def lec-  
t ions up t o  65'. These re la t ive ly   l a rge  lif't increments  could b e  obtained 
with small flow  quantities and at low values of  horsepower. 

In order  to ex€& the  study of  boun&-r~-la-y-&- control, it was decided 
t o  i n s t a l l  and f l igh t   t es t  an area-suction-type f l a p  on an F-86A airplane.  
This would aerve, in  general,  to  determine w h a t  problems might a r i s e  on 
a f l i gh t   i n s t a l l a t ion  of boundary-layer control. I n  par t icular ,   the  
follarfng items were investigated: (1) t h e  lif't Increments  due t o  euction 
on EL swept-wing jet  a i r c r a f t  in f l igh t ;  (2) the   e f fec t  of  t he  boundary- 
layer-control  installation on the   f lying  qual i t ies  and serviceabi l i ty  of 
the  airplane; and (3)  t he  manner i n  which the   p i lo t  makes use of t he  l i f t  
increment due t o  suction. The area-suction f l a p  was tes ted w i t h  various 
leading-edge  device8 on the  wing. FYom the lFft and-drag data obtained, 
computations w e r e  made of the  landing  and.take-off performance character- 
i s t i c s  of the airplane. 

The discussion of the  results  obtained  in  i tems (1) and (2) a r e  
presented  herein. A detailed  discussion of the  manner i n  which the   p i lo t s  
made use of  boundary-layer  control i a  given in  a separate  report (ref. 2). 

NOTAT ION 

lift coefficient,  - . liFt 
ss 

maximum lif't coefficient 

flow coefficient, - Q 
VS 

free-stream  static  pressure,  lb/sq f t  

s t a t i c  pressure i n  duct of flap,  Ib/sq ft 

pressure  coefficient  in f l a p  duct, 

free-stream dynamic pressure,  lb/sq ft 

Pd - P 

4 

volume r a t e  of a i r  removed through  porous  surface, baaed on free- 
stream density, cu ftJsec 

.. . 

%e increase  in  l i f t  due to   def lec t ing   the   f lap  a t  a constant  angle 
of attack. - 
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S wing area, sq ft 

v free-stream air. velocity,  ft/sec 

a angle of  attack, deg 

W 
S 
- w i n g  loading, lb/sq ft 

6f flap  deflection, deg 

The installation of the  area-suction f l a p  was made on an F-86.A-5 air- 
plane. A two-view drawing of  the test airplane is shown i n  figure 1. A 
photograph show3ng the a i r p l a n e  y i t h  the boundary-layer-control equipment 
installed is gfven in figure 2 and pertinent dimensions are presented in 
table I. Some of  the boundary-layer-control equipment was mounted der- 
nally t o  facil i tate  installation. The &ernal modifications to the air- 
plane consisted of  a faired pod enclosing an ejector pump for supplying 
suction and ducts on the underside of  the  fuselage f o r  removing air f rom 
the  flaps (shown €n f ig .  3). 

An ejector pump furnished through the cooperation of. Wright A i r  
Development C e n t e r  wa6 used f o r  the  suction  somce. This pump mounted 
under the  fuselage i s  shown i n  figure 4. Air was bled from the last stage 
of  the compressor of the J-47 engine through a .pilot-controlled  butterfly 
valve t o  the primary nozzle of the  ejector pmp. The w e i g h t  o f  the 
boundary-layer-control equipment for this research-type fnstallation was 
lo5 pounds. Considerable sarhgs in weight should be possible in  a 
production-type installation. 

The F-86A slotted f l a p  was modified t o  a p l a i n  type by reworkkg the 
nose section and by removing the f l a p  tradka, and mountrzlg external hinge 
brackets on the under surface of the wing. This mounting allowed f l a p  
deflections up t o  65O. The portion of the flap located ahead of the spar 
was used as a duct and is  shown i n  figure 5 .  A sketch of the  flap  cross 
section i s  given in figure 6 .  In order t o  provd.de for a continuously 
variable f l a p  deflection, a rubbing-type seal was used  between the  f lap 
and the fuselage. Boundary-layer air wa8 drawn In through a graded poroc~s 
=term of sintered stainless steel, having the permeability  character- 
i s t ics  shown Fn f-igure 7. It should be noted that the  characteristics 
shown in  figure 7 were not measured but w e r e  those  specified to   the manu- 
facturer and were designed for a uniform inflow velocity of 3.75 feet per 
second on the basis of pressure-distribution data obtained from the 40- by 
&-foot  wind-tumel tests (ref. 1) . The &orddse length and  placement 
on the  flap of the porous material w e r e  estimated also frm the wind-tunnel 
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tests. The porous material was formed easily, was readily adaptable   to  
the   f lap   s t ruc ture ,  and had a reported.t ,ensile . g t r . e n g Q  of.approximate2.y 
15,000 pounds p e r  squ;ll.e inch. 

Standard N&CA instruments were used t o  record  airspeed,  altitude, 
acceleration,  duct  pressures,  and angle of  a t tack.  Values of airspeed 
and angle of a t tack  were measured approximately 8 f e e t  ahead of the  fuse- 
lage  nose. Duct pressures in  the  f l a p  were m e a s u r e d  a t  the midspan etat ion 
of the  f lap.  The flow quantity drawn through the porous materFal was 
measured by calibrated  rakes i n  the  ducts. Measurements taken on the  
ground with a flow meter indicated uniform inflow veloci t ies  along the  
span of the  f l a p .  

Tests were conducted a t  a l t i tudes  of 10,000 and 2,000 f e e t  over a 
speed  range of  150 knots- t o   t h e  stall. The tests were conducted a t  an 
average wing l o a d h g  of  45 pounds per  square  foot  except as noted,  with 
the  center  of  gravity a t  22.5-percent ,mean aerodynamLc chord. The engine 
rpm was held fhed f o r  a given series of test  runs. For the data presented 
in t h i s   r epor t ,  an engFne rpm of 70 percent was used  (approximate rpm wed 
LII landing  approach). In obtaining the data fo r   t he  lift curves  presented 
herein, no a t tempt  W&B made t o  change the amount of bleed air to   t he  pri-  
. m a r y  nozzle of the  e jector  pump with  airspeed so as t o  maintain a critical 
value of CQ (the value where further increases in  CQ produce l i t t l e  
fur ther  increase in f l a p  lift, as  defined in ref. 1). 

For the  major portion of t he  data reported  herein,  the normal F-86A-5 
t ype  slats were used on the  XFng leading edge. In addition, tests were 
conducted both  with and without a stall-control  fence on a cambered leading 
edge (describe8 i n  ref. 3 ) .  

RESULTS AND DISCUSSION 

Airplane With Slat ted Leading Edge 

- L i f t  .- The lift d a t a  are  preeented in figure 8 for  flap  deflections 
of 55O and 64O f o r  the flap-and-gear-down configuration  with bollndn.rv-lager 
control on and off. For cmparative purposes, d a t a  for the  38O plain 
f l a p 2  with no suction  are shown in figure 8 also. data i n  figure 8 
Fndicate an fncrease in. C hx f r o m  1.38 fo r   t he  38 f l a p   t o  1.54 for 

me plafn  f lap a t  a deflection of 38' was used as a basis f o r  asse88- 
ing  the  effectiveness of the  suction  flap  since, at this deflection,  the 
f l ap  l i f t  Fncrement and L i f t  curves were similar t o  that obtalned  with 
the  normal 38' s lo t ted   f lap  OR t he  unmodified airplane (ref. 3) . The 
lift curves fram reference 3 were not used direct ly ,   s ince drag data used 
for performance camputations-reported  herein were not  available from 
reference 3 .  Ir 

a 
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the 6 4 O  f l a p  with suction. A cmparisonoof the lift inmement of  the 64' 
f l a p  deflection  (suction on) with the 38 f l a p  at  a constant  angle of 
attack of 11' (average angle of attack used in landing approach) indkates 
that approximately 0 -24 inczease in CL is realized. It w i l l  be noted 
that same of the i n c r e a B e  in lift (0.08) was due t o  the  increased  deflec- 
tion of the p l a i n  flap itself (5.. e.,  suction off) . The increment in CL 
(0.16) due t o  suction was essentially  the same for the 55' flap deflection 
as f o r  the 64' deflection. The lift increment due t o  suction was essen- 
t i a l l y  constant over the angle-of-attack range except near C h  where 
there was a 50-percent reduction, No marked loss in suction llpt increment 
occurred at a = 60 as  in the tunnel tests  (fig. 20 of ref.  I) . In the 
tunnel, this loss in l i f t  was fe l t  t o  be  due t o  a vortex emanating frcm 
the inboard end of the slat f lowing over the f l a p  and causing as area of 
separated flow over a portlon of the f l a p .  In the flight tests,  the duct 
structure  at   the wing-fuselage juncture caused f l o w  separation on the 
inboard end of the f l a p  and the  addition of  the vortex flow f r o m  the 
Fnboard edge of the slat did not increase  the amount of separated  area a t  
6' angle of  attack as it did i n  the tmnel. 

7 

Draq. - The drag data in figure 8 indicate an increase in  drag witkt 
suction on at the lower values of lift &d a reduction in  drag at the 
higher d u e s  of lift. The i nc ra se  in  drag at low CL values i s  believed 
t o  be due in part to the  distortion fkom an e l l i p t i c a l  span loading result- 
i n g  from the increased li'ft over the span of the f l a p .  The reduction in 
drag WFth suction on a t   t h e  higher C values results fkcm the  action of  
the  suction system in delaying separation. 

Suction Requirements 

Suction req~ements   a re   i l lus t ra ted  by the data presented in  fig- 
ure 9 i n  terms of f h p  lift Fncrement, ACL, and f l o w  coefficient.  These 
data indicate that the f l a p  lif% increased with flow coefficient up t o  a 
value of approximately 0 .oOO5, after which no further increase i n  f l a p  lirt 
occurred. Theae dah bear aut  the  results of reference 1 re@;arding the 
amount of f l o w  coefficient  required fo r  the most extensive f l o w  attachment 
a t tabed.  ALthough data were not obtained a t  o the r  values of a results 
i n  reference I fndicate no significant change in  the critical d u e  of 
f l o w  coefficient wlth angle of attack. A pressure  coefficient of -4.0 

t o  obtain the flow coefficient of 0.0005 a t  a CL of 1.0. 
of flow coefficient and pressure  coefficient Fn the f lap  
and indicated airspeed &e show in figure 10. These data 

sufficient flow coefffcient and pressure  coefficient were 
speed range of these tests. 

was necessary 
The variation 

indicate that 
used Wer the 

duct wlth CL 

* 
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Airplane With Suction  Flap and  Various 
Leading-Edge Configurations 

NACA RM A55K29 

The l i f t  character is t ics  of the   a i rplane equipped wlth various 
leading-edge  devices are sutmarized i n  figure U fo r  a f l ap  deflection 
of  5 5 O .  Theee data indicate that the type of  lsading-edge  configuration 
had no ef fec t  on the magnitude of the lift in&ement due to   suct ion in 
the  landing  approach (a = Uo) . There was, however, a difference 3 n  mag- 
nitude at  C b  which was associated  with  the  type of leading edge wed.. 
Far the type  of lea- edge which produced a xell-rounded lift-curve top 
and a sat isfactory stall such as the cambered leading edge plus  fence, 
less lift due to   suc t ion  W&E realized. Thia X&E felt t o  be due t o  t h e  
increased  thickness of the boundary layer flowing over t he  f l a p  a t  the 
higher CL values. This increased boundary-layer thickness wa8 the   reaul t  
of the  act ion of the  fence i n  tending  to produce a stall i n  the  area 
inboard  of  the  fence : . . . . . .  

The significance of the  decrease in lift due to   suc t ion   a t  
campared t o  that obtained at  the approach  angle of a t tack is  not   def ini te ly  
known. Evidence is given, however, in the   resu l t s  of  reference 2 that 
greater reductions i n  approach  speed were real ized than the  reduction in 
stalling speed done. - "" . 

TBe s t a l l i n g  character is t ics  of the  airplane w-ith the  various leading 
edges are descrfbed in reference 2. Briefly, it may be stated that there 
was no adverse  effect on the  s t a l l  by the addition of suct ion  to   the f l a p .  
The s ta l l ing   charac te r i s t ics  were sat isfactory  with  the  s la t ted leading 
edge  and the  cambered leading edge p lus  fence. Without t he  fence o r  x i t h  
the  slats closed  (sealed)  the stall was considered  unsatisfactory due t o  
an abrupt  roll-off; . . . .  . . . .  .. . . .  - 

Factors  .Affecting Flap L i f t  Increment 

The variation of flap lift increment  with f l a p  deflection is presented 
i n  figure 12 for   the flight q d  wlnd-tunnel tests and compared with  theory. 
The theoretical   value was calculated by m e a n s  of reference 4. The wind- 
tunnel results of.  reference I have been corrected  to  a common f l a p  chord 
and corrected  for trim. The f l i gh t   r e su l t s  are presented f o r  the g w - u p  
condition  for comparison with  the  tunnelmodel which had no gear. The 
r e su l t s  i n  f igure-12  indicate  that the  flight f lap  lif% d u e s   a r e   l e e e  
than  the  tunnel  values  for both sucti& on and off .  The reason for th i8  
is  not  completely  understood.  Sme of the  differences i n  f l a p  lift a r e  
f e l t   t o  be associated  with  the  effect  of the  type of wing-fuselage c d i -  
nation used on the flow a t  the inboard f l ap  edge. Ln the tunnel   tes te  a 
midwing .mounting was used in cmr&aet t o  the luw-wing position 011 the F-86A 
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airplane. The results of unpublished  wlnd-tunnel tes ts  have shown that 
the condition of the wing-f'uselage trailing-edge  juncture could influence 
the  flap lift increment. Other testa  indicated a reduced flap lift incre- 
ment  when the fuselage boundary layer flowed over the inboard area of the 
flap. Boundary-layer  measurements in flight  indicated that the  fuselage 
boundary layer extended d m s t  t o  the inboard edge of the  flap but it was 
not felt t o  be the major cause of the reduced f l a p  lift. A limited amount 
of fairing of  the upper w 3 n g  surface a t  the wing-fuselage trailing-edge 
juncture  resulted i n  improvements in lift due t o  suction - the  flap lift 
values appraached 70-percent of theoretical flap effectiveness. A cmplete 
refairing  into a .more ideal  streamline shape was not possible due t o  the 
presence of the duct underneath the  fuselage  (fig. 3 ) .  O t h e r  attempts 
t o  increase  the  flap lift increment, such as a fence on the  flap, a s e a l  
between the wing and the f l a p ,  and turning vanes t o  redirect higher energy 
air  down over the inboard area of the f l a p  did l i t t l e  or  nothing t o  improve 
the lift increment due t o  suction. 

-I 

Operational. Characteristics of Bomdary-Layer Control 

. One of the main poFnts of Fnterest Fn the use of boundary-layer 
control i s  the  effect on the performance Characteristics of a n  aircraft. 
Actual measurements of  landAng distance,  take-off "Lance,  climb, and 
catapult launching were not made, but by use of the  flight measurements 
of lift , drag ( f ig  . 8 )  , and engine thrust, computations  have  been made 
of the various performance item for a range of gross weights apd a t  
standard sea-level  c6nditions. The  methods used for camputing  performance 
are noted in the appendix. 

Land- characteristics.- In the  evaluation of the LandFng-approach 
characteristics  reported  in  reference 2 f o r  the  suction-flap  airplane wtth 
the  slatted  leading edge, it was noted that the Ames p i l o t s  limited their 
approach  speed  because of mSnirmrm positive  altitude  control o r  a b i l i t y  t o  
flare, ,maneuver, o r  arrest  a sink rate.  The significance of these  fore- 
going reasons in terms of the aerodynamic factors involved is not com- 
pletely understood a t   t h e  present  time. F r o m  89 inspection, however, of 
the curves of thrust required f o r  level  f l ight versu8 airspeed (fig. 13) , 
a partial answer in qualitative terms is apparent. It w i l l  be. noted that 
the average m i n i m u m  approach  speeds selected by the p i l o t s  fall. close t o  
the' speed f o r  minrlmum thrust. Maneuvers below this speed,  because  of the 
associated drag variation and resultant  effect on glide path, are appar- 
ently not readily handled by thrott le manipulation and therefore  the p i l o t  
chooses t o  avaidthis  region. 

5 
It is o f  Fnterest t o  note  the relationship of the  eelected approach 

speeds on the l i f t  curves shown ~JI figure 14. ICmm these  results it is 
apparent that the pFlots utilized  the fncreased lift offered by the 64O 

r bmdary-layer-c&trol flap t o  decrease the approach speeds by flydng 



at  approximately  the same a t t i t u d e  with suction  aff  and on. These approach 
speeds  correspond t o  I . 1 5 - V s u  and 1 .U V s t a l  for  auction  off and on, 
respectively. 

Based on the  foregoing d u e s  of approach  speed and an assumed touch- 
down speed  of 1.05 V , ~ , % h e  effect of bounrkry-layer  control on the  
landing  dfstance  over a %-foot  obstacle was computed and is sham i n  
figure.15  for  various gross Weights. These data indicate that a 14.5- 
percent  reductionoh landing distance due t o  bqunday-layer  control would 
be obtained a t  64 f lap  def lectfan.  

Take-off character is t ics . -  In the   caputat ians   for   take-off  and climb, 
account is taken  of  the thrust 108s incurred as a r e su l t  of extracting 
a i r  f r o m  the engine  compressor. In order to  operate  the engine within- 
allowable  tail-pipe  temperature  limits  with  the  suction syetem on, a reduc- 
t i o n  f r o m  100-percent rpm was necessary  for  the ty-pe of engine tall pipe  
used in t he  F-%.A airplane.  The thruat  loss associated  xith  the  decreaeed 
rptn was approximately 150 pun&. It is assumed that i n  take-off,  the 
bleed-air valve would be opened o n l y  t o  that amount necessasy t o  reach 
t h e  CQ value above which no further  increase i n  f l ap  lift occurred (ae 
shown in f ig .  4) in order not to  penalize unduly the  suction system. With 
a more e f f i c i en t  pumping system (ejector pump used had an efficiency  of 
approximately 15 percent)  or a variable exit area ty-pe tail pipe, the 
thrust loss would-be  reduced  appreciably  with a resul tant  gaFn In perform- 
ance with suction on. 

Consider f irst  c a t a p u l t  take-off. The fallowing aasumptlone are ueed 
in  camputing the  epeed a t  the end of t he  catapult run. Lift-off speed-is 
selected as 'the  speed a t  0.9 C h  or  a t  the mnxilm.nn ground a t t i t ude .  
This speed has the   addi t iona l   res t r ic t ion  that the  longitudinal.  accelexa- 
t ion  shall be equal t o  o r  greater than 0.065g.~ The results of computa- 
t lons of the take-off  speeds a t  the end of the  catapult  run as 8 function 
of gross tpefght fo r  various flap  deflectians  with  suction on and off are 
presented i n  figure 16. Lndicated on thFa figure are the H8 catapult 
character is t ics .  The take-off speeda for   the 55O and 64' flap-deflection 
configurations with suction on were based 011-0.9 C - the  other config- 
urations were limited in  take-off  speed by ground a t t i t u d e   t o   t h e  CL at  
a = 16'. A t  21,000 pounds or greater, the  0.065g acceleration  requirement 
becmea limit-. The data i n  figure 16 Indicate. improvepent8 in take-off 
perfolanance with  suction an. By m e  of  the.E8  catapult   characterist ice 
and the  data in  figure 16, computations w e r e  made of the  wind required 
over  the deck as a function of gross weight fo r   t he  limit preseure of 
3500 psi; a reduced  pressure of  29% ps i ,  and the  catapult  end speed 1Fmit. 
These data are   preseted.  i n  f igure 17. It can be  noted in W e  figure 

LmaX' 

3Assumed minimum acceleration  value  used t o  as~ure that t h e   a i r c r a f t  
does not sink af%er launch. 

" 

P .  

1- 

1 
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- that when the limit E8 c a t a p u l t  pressure i s  used, whd is required over 
the deck only for the very highest -013s weights. The data in figure 17 
Indicate that approximately 6 knots less Kind  would be requfred for  the 

suction. 
"3 f l a p  deflected 64' with  suction on, canpared t o  the 38O flap with no 

Next w i t h  regard t o  a f ie ld  take-off,  the assumption is made that 
the  airplane  accelerates on the ground in a level attitude, and at  take-off 
speed the  airplane is rotated t o  the angle of attack corresponding t o  
1.2 V s ~ u .  For the  transition distarice, it is assumed that the a k p k e  
is i n  a  steady rate  of climb a t  the 50-foot-height p o b t .  The results of 
the  cmputations,  indicate very l i t t l e  change in take-off performance  due 
t o  boundary-layer control or m e  in flap  deflection. The effect of 
boundary-layer control on take-off performance is i l lustrated in  figure 18 
for 55' flap  deflection. For t h i s  caBe, the gaim in take-off performance 
which  would remit from the m e  of boundary-layer control  are canceled by 
the  thrust l o s s  associated KTth the type of pumpbg system used. The take- 
off performance could be  improved  by turning on the b m d a z y - l a y e r  control 
after  the  alrplane has accelerated t o  the take-off speed. 

C l i m b  characteristics.- The rate of  climb after a catapult take-off 
(I .05 v,-) and after wve-off (1.15 Bs-) are presented in figure 19. 
These data .indicate less rate of c l i m b  with the boundary-layer control on 
due t o  the loss i n  thrust previously mentioned. The ra te  of climb should 

-. be adequate, however, over the gross-weight range covered. 

Flylng qualities.- Turning the  suction off produced a nose-up pitch 
change w h i c h  was considered small. No hazard.0~~ fl ight conditions were 
encountered in  simulating loss of suction power at  any airspeed. There 
was no marked  change in stick-free  stability as a result of the use of 
boundary-layer control. 

Serviceability .- Flight  tests conducted in areas of moderate rain 
showed negligible  effect of the r a h  on either  the l if t  due t o  suction 
or the punping requirements. No clogging of the porous material. was 
evident after appro-tely p hours of flight  testing. No p r t i c u l m  
effort was made t o  protect  the porous area Fn the hangar. No detrimental 
effects on engine l i fe  due t o  t he   we  of the air bleed (3  pounds p e r  second 
average) were noted for approximately 67 hours of flight testing. 

CONCLUSIONS 

Measurements of the flight characteristics of the F-%A-5 airplane 
with area-suction bomdary-layer control  applied t o  the  flaps showed the 

5 f 0lloWFng: 
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1. A zea   auc t i  
increase fn lift of 

mmYm?BP NACA RM A55K29 

- 
on applied  to a flap  deflected 64O resul ted in an 
0.24 (at a = 11') compared t o   t h e  lift of the   f l ap  

.. 

deflected 38" wfth no suction. Maximum lift was increased from I. 38 with I. 

the  38O f l a p  t o  1.54 for   the 64' auction f l a p  when the  normal slatted  lead- 
i n g  edge was used. - 

. . . . . . . . - -" . . . . . . . . . -. - "_ 

2. Comparison with  theoretical  flap  effectivenesa  indicated that 
70 percent of  the  theoret ical  f l a p  lift increment waa obtained a t  64' 
flap  deflection. 

3 .  A f l o w  coefficient of 0.0005 rieF&ed t o  obtain the  l i f t  incre- 
ment f o r  64O f l a p  deflection. - 

4.  Computed performance g a h s  were noted in c a t a p u l t  take-off  and 
i n  landing  with  suction on. No slgnlficant  reduction Fn f i e l d  take-off 
distance waa evident. 

5 .  Mo detrimental  effects due to   suc t ion  w e r e  noted. on the  flying 
qual i t ies  of the airplase.  

6 .  The serviceabi l i ty  of  the  porous material UBE considered  adequate. 

Ames Aeronautical  Laboratory 
National  Advisory Comuittee f o r  Aeronautics 

Moffett Field, Calif.,  ITov. 29, 1955 



APPENDIX A 

ME;THOlS BED FOR PERFORMAHCE EVALUATIOR 

The following equations asd aeaumptione w e r e  used in computtng the 
performance . 

(ref. 6,p. 31) &ere take-off velocity 

v, = 1.2 v s u  

- 

and 

. 

T = engine thrust 

q = p(0.7 VTo)2 
2 

W = gross welght in pounds 

a = angle of attack at C 

p = 0.02 

(The aesumption is made that steady climb has been reached before attain- 
ing the 50-foot  height.} 

Rate of climb = 
101.4 VTm 

W , ft/& 

. mer e 
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Landing; distmce: 

(ref. 7,p. 3 2 )  where V,, is pllo-t;*s actual apprmch speed, and the  
landing velocity, 

.. .. .. . "- 

VL = 1-05 V , t d l  
- - .. .. " . .  " ~ 

ana -. 

p = 0.4 

catapult end speed: 

where 
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TABU I. - DIMENSIONS OF TEST AIRPLANE 

..... ......... wing . . . .  

T o t a l  area, sq Ft . . . . . . . . . . . . . . . . . . . .  287.9 
Span, f% i- .. . - 37.12 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . .  4.79 
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . .  0.3 
Mean aerodynmic chord (wing s t a t ion  98.7 in.), f% . . . . .  8.1 
Dihedral angle, deg . . . . . . . . . . . . . . . . . . . . . .  3 

. . .  . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  

.... 

Sweepback of 0.25-c'hord line .', 3 5 9 4 '  . . . . . . . . . . . . . . .  . . .  
Geometric twist, deg . . . . . . . . . . . . . . . . . . . . .  2 .o 
Root airfoil section (normal t o  0.25-chord l i ne )  . . .  XACA 0012-64 

modified 
T i p  a i r f o f l  section (normal to 0.25-chord line) . . . .  NACA m u - 6 4  

modified 
Wing area affected by flaps,  sq ft . . . . . . . . . . . . .  116.6 

map area ( t o ta l ) ,  sq ft . . . . . . . . . . . . . . . . . .  23.7 
Flap span ( f r a m  13.4 t o  49.5-percent semispan) ,  ft . . . . .  7.27 
Flap chord (constant), ft . . . . . . .  . . . . . . . . . .  ' 1.67 

. ..-. ".. - . 
. ~. . 

Flap 



Figure 1 .- Two-view drawing of test sh-plane. 
. 



Figure 2.- Thref?"rluarter rear v iew of test 8Frplane with suction f lap deflect& 55". 
A-20160 

. . .  
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Figure 3.- Close-up sharing suction f lap,  ducts on Unaerside of fuselage, and ejector p q  in 
fairea pod. 

.. . . 
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Figure 4 .- View of ejector pump on unaersurface of fuselage of t e a t  airplane. A-18644 

a 
. . . .  . . .  . 
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A-20161 
Figure 3.- Close-up showlng f l a p  duct and porous material. 
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: I 

Figure 6.- Cross section of area-suction f l a p .  

I 

. . . .  . 

a 

. . . . . . . 
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Figure 7.- Variation of pressure drop w i t h  chordwise posit ion on f l a p  fo r  
porous material. 
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Figure 8.- L i f t  and drag curves for various f lap  de f lec t l ona  with boundary-layer control on and 
ofp; slatted leading edge. 
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Figure 9.- Variation of flap lift increment with flow coefficient; 
6f = @lo. 
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(a) V&rLation of P and CQ with lift coefficient. 

Figure 10 .- pump characterietice obtafned over t e s t  range with 62 = 61h0; 
gear d m .  
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(b) Variation of P and CQ with airspeed. 

Figure 10 .- Concluded. 
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Figure 11.- Lift curves for  various  leading-edge configurations. 
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Figure 12.- Ccmpriaon of flight and KFnd-tunnel t e s t s  of f l a p  lift 
Fncrement with f l a p  deflection aagle; gear up, u = e. 



Figure 13 .- Vmiation of tbrmt required for level night with airspeed f o r  64' flap deflection, 
gear down, speed brakes extended, slatted leading edge; W/S = 42.5. 
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Figure 14.- The relationship of approach  speed t o  the lift curves fo r  

suction off and on; a h t t e d  leading edge, 8f = 64O. 
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Figure 15.- Variation of lamthg distance over a y-foot obstacle with groae weight for 64' flap 
deflectLon; speed brakes extended; slatbed leading edge. 
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Ire 16.- Variation of c a t a p u l t  take-off velocity w i t h  gross w e i g h t  for 
various f l a p  deflections with boundargr-layer c o s t m l  on.and off. 
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the EL8 ca tapul t .  
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Figure 18.- E f f e c t  of gross weight on take-off d.i.8tanCe for Suction on 
and off ;  6f = 55O, slatted leading edge. 
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Figure 19.- Variation of rake of climb wlth gross weight for v a r i o w  f l a p  deflections with 
boundary-layer control off and on; alatted leading edge. 
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